The interest in embryology, the science of the development of a zygote into a completely developed foetus, has increased greatly in recent years due to a number of studies involving embryonic and induced pluripotent stem cells. In addition, the development of techniques such as cloning has aided to understand the critical events that occur during embryonic development. In this study, we describe the morphology of two sheep embryos and one foetus using macroscopic and microscopic techniques. We investigated sheep without defined breed on days 24, 32, and 50 of gestation (estimated by crown-rump length [CR]). Macroscopically, we observed the development of E1 (24 days), with visible optic vesicle, but without retinal pigmentation and the forelimbs bud in development. In the E2 (32 days), we noticed the presence of optic retinal pigmentation and forelimbs more developed in comparison with E1. As expected, F1 revealed an eyeball already covered and the forelimbs developed. Meanwhile, microscopic analysis revealed somite, ventricle, atrium, and oral cavity in development in E1. However, in F1 we were able to identify more complex structures, such as ossification in the spine, ventricle, atrium, intraventricular septum, pericardial sac, and oral cavity with tongue. This work brings more precise and detailed data on the morphological characteristics of the major organ systems (nervous, circulatory, respiratory, digestive, and urinary) at each embryonic and foetal stage analysed. Keywords: Embryology. Sheep. Embryos. Foetus. Embryonic development.
Macroscopic and microscopic analysis of 2 embryos and 1 foetus derived from a sheep (Ovis aries) without breed
Análise macroscópica e microscópica de 2 embriões e 1 feto derivados de ovelha (Ovis aries) sem raça 
Introduction
Sheep (Ovis aries) were one of the first domesticated animals, with the first herds appearing approximately 9000 B.C. in the Middle East, the cradle of the first civilisations, and then spreading throughout Europe and Asia. Today, more than 1,168,000,000 head of more than 800 species of sheep are bred throughout the world. The largest producer is Australia, with 166 million head and many high productivity systems. In Brazil, the sheep population exceeds 17 million head and is mostly concentrated in the Northeast (59.2%) region, followed by the Southern (27.4%), Central-West (6.1%), Southeast (3.9%) and Northern (3.2%) regions (INSTITUTO FNP, 2006) . According to Carneiro (2007) , sheep ranching in Brazil is undergoing a rapid technological expansion. However, sheep ranching lacks studies to improve the reproductive yield of these animals, which could consequently increase production by decreasing the reproductive losses resulting from low birth weight and low temperatures occurring during lambing time, especially in the Southern region of the country (RIBEIRO et al., 2002) .
Understanding sheep development could be helpful to many applications. Sheep have been used as animal source in several studies, such as cloning, tissue regeneration, and even pathology. Since 1996, sheep have drawn attention of new methodology, using nuclear transfer in a cultured cell line to cloning (CAMPBELL et al., 1996) . The idea is not only cloning, but also guaranteeing the survival of the lineage of a particular animal or the improvement of the breed. This methodology opened a new market to cloning sheep, bovine, and others. Comprehending sheep development could help identify diseases during gestation, controlling, preventing, and eliminating diseases, such as pre-natal transmission of scrapie (FOSTER et al., 2013; ADAMS, 2016) , intrauterine growth-restriction of the foetus (MUTINATI et al., 2013; HAY et al., 2016) , and others.
Sheep gestational period ranges from 140 to 150 days (COUTINHO; SILVA, 1989; PORADA et al., 2005; MORAES et al., 2008) . Data on the biology of sheep development are surprisingly rare and fragmented, and few studies have reported the morphological characteristics of the embryo during gestation (BRYDEN et al., 1972) . Due to the importance of embryonic and foetal development for sheep rising, this study aimed at describing the morphological traits of the major organ systems during organogenesis in the embryonic and foetal phases. Using these macroscopic and microscopic analyses, this work could be used as parameter and reference for embryonic and foetal development of sheep.
Materials and Methods

Animals
This work was approved by the Ethics Committee on Animal Use of the Faculty of Veterinary Medicine and Animal Science, São Paulo University, number 1713/2009. Two embryos (E1 and E2) with CR-estimated gestational ages of 24 and 32 days, respectively, and one foetus (F1) with CR-estimated gestational age of 50 days, based on the criteria of Evans and Sack (1973) , were used in the present study. These specimens were collected during slaughter in a processing plant in Promissão, São Paulo, Brazil 
Biometric Data and Macroscopic Analysis
For age estimations, the embryos and foetus were analysed macroscopically to determine their CR values through measuring of the nuchal crest to the last sacral vertebra. The macroscopic traits of the animals were then described and photographed.
Light Microscopy
For the light microscopy analysis, the E1 and F1 samples were fixed in 4% paraformaldehyde and then dehydrated in increasing ethanol concentrations (from 70% to 100% ethanol), cleared in xylene, and embedded in paraffin (Histosec, Merck, Berlin, Germany) . After processing, the paraffin blocks were cut into 5 µm sections on an automatic microtome (RM2165, Leica, Wetzlar, Germany). The sections were placed on slides and incubated at 60°C. The samples were stained with haematoxylin and eosin (HE), Masson's trichrome (MT) or toluidine blue (TB) (TOLOSA et al., 2003) . Finally, the morphology of the samples was analysed and photographed under an Olympus BX40 microscope (KS400 Image Analysis System 3.4, Zeiss, Jena, Germany).
Results
Macroscopic Characterization
Embryonic Stage
An optic vesicle lacking retinal pigmentation and a pronounced cervical flexure were observed in the E1 embryo, which had a CR length of 1.13 cm (Figures 1A and 1B) . The thoracic and pelvic buds were developing but were still paddle-shaped and lacked division of the digits.
The craniocaudal curvature caused the embryo's "C" shape Development of the prosencephalon and mesencephalon could also be seen in the cranial cavity. There was a bulge in the thoracic and abdominal regions, which was likely due to the poor fit of the internal organs in the small embryo ( Figures 1A and 1C ).
In the E2 embryo, which had a CR length of 2.13 cm ( Figures 1C and 1D ), well-developed optic vesicles with pigmented retinae and developing cephalic vesicles (prosencephalon and mesencephalon) in the cranial cavity were observed. The fourth cephalic ventricle and a pronounced cervical flexure were also visible. The thoracic and pelvic limbs were more developed than the E1 embryo and had dividing digits. The elongated tail and nasal region were still not substantially formed ( Figures 1C and 1D ). 
Foetal Stage
The growth and development of the visual structures observed in the embryonic stages were also observed in the foetus, which had a CR length of 5.4 cm (Figures 2A and 2B). The facial features, such as the eyelids and mouth, were completely formed. The ear chambers were developing and could be found on both sides of the head next to the edge of the cervical region and at the same level as the optic vesicles. Both the thoracic and abdominal regions were well developed and were large enough for the internal organs. Thus, the bulge seen during the embryonic stage was not present. When sectioned sagittally, the syntopy of the organs and their respective cavities was apparent ( Figure 2C ). The thoracic and pelvic limbs were fully developed and looked similar to those of an adult
animal. An elongated tail could also be observed in the pelvic region, and the umbilical cord protruded out of the abdominal region (Figures 2A, 2B and 2C) . Figure 2C shows the foetal structures in the sagittal sections, including the oral cavity, nasal sinuses, vertebrae, intestinal loops, liver, spinal cord tail, trachea, diaphragm, lung, umbilical pedicle, heart, cerebellum, and brain. lids covering the eyeball (1), ear (2), forelimb (3), umbilical cord (4), hind limb (5), tongue (6), oral cavity (7), paranasal sinuses (8), brain (9), stemhead (10), cerebellum (11), spine (12), spinal cord (13), lungs (14), heart (15), diaphragm (16), liver (17), intestinal loop (18), tail (19), and umbilical pedicle (20)
Microscopic Analysis
Nervous System
In the 24-days-old embryo ( Figure 3A ), the prosencephalon ( Figure 3B ) and the somites that form the precursors of the spinal cord were observed ( Figure 3C ). These somites were replaced by the spinal cord, and the cranium that was in contact with the dura mater was beginning to ossify in the 50-days-old foetus ( Figure 4A ).
The choroid plexus, which consists of an internal connective tissue layer supporting an external layer of flat epithelial cells, was also observed ( Figure 4B ). Ossification of the vertebrae, including the presence of differentiated cartilage chondrocytes in the mesenchyme, was also observed in F1 ( Figure 4C ). 
Cardiovascular System
Ventricle formation was detected in the E1 embryo, although the atria and the major vessels leaving the heart (such as the aorta) were much less formed than in the foetus ( Figure 3D ). There, we could see more developed atria, ventricles, pericardium, and ventricular septum ( Figure 4D ).
The formation of secondary bronchial branches could be seen in the E1 embryo ( Figure 3E ) and in the foetus ( Figure 4E ). Additionally, in F1 the differentiation of the mesenchyme surrounding the bronchi into condensed mesenchyme and loose mesenchyme was visible. The bronchi consisted of ciliated pseudo stratified epithelium that covered a layer of connective tissue, where many blood vessels that provide nutrients to the organ as a whole could be seen.
Digestive System
The oral cavity in both E1 and F1 was covered in stratified squamous epithelium and contained a developing tongue ( Figures 3F and 4F ).
In the E1 embryo, the primitive intestinal loops ( Figure 3H ) were covered in mesenchyme but were still developing. In the foetus, the intestinal loops resembled many tubular sections in the abdominal cavity and were covered in columnar epithelium ( Figure 4H ).
The liver was already present in the E1 embryo ( Figure 3G ). This organ develops at an early stage due to its important function during organogenesis. At this stage, the liver consisted of disorganised hepatoblasts that were surrounded by numerous blood vessels. In the foetus, the large vessels in the liver parenchyma and the central lobular veins could be seen ( Figure 4G ).
Urogenital System
The mesonephros in the E1 embryo was elongated and consisted of several tubes. A large amount of mesenchymal tissue was also observed between the tubes, suggesting the possible breakdown, apoptosis, and substitution of the mesonephric tissue ( Figure 3I ). In F1, the forming metanephros, or definitive kidney, which had an ellipsoid shape and several lobes, was detected. The kidney was multipyramidal, with medullary pyramids that were separated and covered by a single cortex. In the caudal region of the foetus, the formation of two organs with tissue that was similar to that of the kidneys could be observed. These organs will become the embryonic gonads (feminine or masculine) but were only primitive gonads in this case. At this developmental stage, the primitive gonads consisted of glandular tissue that contained numerous internal tubes ( Figure 4I ).
Discussion
In this work, we analysed the embryonic and foetal development of Ovis aries after 24, 32, and 50 days of gestation. The CR value and/or gestational age can be determined according to either Bryden et al. (1972) or Evans and Sack (1973) . In this study, the approximate age of each embryo or foetus was calculated based on Bryden et al. (1972) . These authors performed detailed studies on the embryonic development of various domesticated species, including sheep. However, as they report, it is difficult to determine the precise age of every embryo. Thus, several external morphological traits should be included to improve the accuracy of this determination.
Studying the embryonic development of sheep is important for the livestock industry in Brazil, as sheep are socioeconomically important. In addition, sheep are used as models in studies involving cloning (WILMUT et al., 1997) , hematopoietic stem cell transplantation (OPPENHEIM et al., 2001) , epidemiology (PEZESHKI et al., 2012) , polycystic ovarian syndrome (PADMANABHAN; VEIGA-LOPEZ 2013), white matter lesions (BACK et al., 2012) , osteoarthritis (AL FAQEH et al., 2012) , and cell reprogramming (EZASHI et al., 2012) . Beaudoin et al. (2003) previously described several embryonic and foetal development stages in a number of species. These descriptions include age, corporal changes, increases in size and weight, and the overall development of the systems and organs, which we are able to compare and identify with the size of the embryos and foetus used in this work.
The initial phase of nervous system development in embryos arises from the neural plate, followed by the neural tube. As gestation progresses, the prosencephalon, the mesencephalon, and the rhombencephalon, which represent the three primordial cephalic vesicles, are formed. In our samples, we found the three vesicle types on day 32 of gestation, which is similar to the results previously described by Bryden et al. (1972) . Maiorka et al. (2015) described in a 43-days-old bovine embryo the presence of prosencephalon, mesencephalon, and rhombencephalon. In the foetal stage, more complex nervous system development, including the formation of the choroid plexus and the initial ossification of the cranial region, was visible through our light microscopy analysis of toluidine blue-stained sections. Structures such as somites were identified in our sample with 24 days and the same structure is formed around day 20-30 in bovine (HALDIMAN, 1981) . The development of dura mater in sheep foetus was observed in our work after 50 days of gestation and, in goat, the development starts around day 40 (LUCY et al., 2008) .
A non-pigmented optic vesicle was observed in the E1 embryo (on day 24 of gestation). A previous study of equine embryos revealed the presence of optic vesicles with pigmented retinae (FRANCIOLLI et al., 2011) around 30 days of gestation and in bovine around day 37 (GALDOS-RIVEROS, 2012). In our study, the same traits were found in the E2 embryo (on day 32 of gestation approximately).
In bovines, the development of respiratory tract occurs around 20-21 days of gestation. As described in bovine, after 32-34 days old of gestation lung epithelium was observed. In addition, after about 45-46 days, pseudoglandular lung phase with main bronchi is observed (ALBERTO et al., 2012 . Furthermore, in equine embryos under 25 days of gestation no lung tissue is visible, but only between 36-49 days is this structure visible (RODRIGUES et al., 2014; ZABALA, WEINMAN, 1984) . In our study, microscopic observation showed the formation in the foetus, but was not possible to identify it in E1. The oral cavity in the E1 embryo and a more developed oral cavity were macroscopically identified in the E2 embryo, as well as identified in 38 days old equine embryo (FRANCIOLLI et al., 2011) . In the foetus, we observed trachea, oesophagus, and developed oral cavity with a tongue, reflecting the developmental progress of the oral cavity. In the lower respiratory system, the lung develops from an evagination of the ventral intestinal wall, giving rise to the main primary bronchus. The foetal lung is pseudoglandular, and the main bronchus shows branching (ALCORN et al., 1981) . It was observed in our study that the mesenchyme that surrounds the bronchi was differentiating into condensed and loose mesenchyme during this developmental stage.
The cardiovascular system is one of the major systems in the embryo, as it is the first system to begin developing. The heart is the first organ to form and function in the embryo, as it requires oxygen and nutrition to survive and develop (MOORE, 2004) . The heart is formed from the mesoderm, which also forms the arteries, veins, lymphatic vessels, all of the blood and lymph cells, the kidneys, the gonads and their ducts, the spleen, and the adrenal cortex (SADLER, 2005) . In the E1 embryo, the heart was developing and had forming ventricles and atria. However, in F1 the right and left ventricles, right and left atria, aorta, and ventricular septum were visible, but the pericardial sac was still forming, most likely due to the age of the foetus.
The digestive system begins with the formation of the vitelline envelope that is then incorporated into the embryo to form the primitive intestine, which can be subdivided into anterior, medial, and posterior regions . The primitive intestine arises from the buccopharyngeal membrane, which, in turn, originates from two of the primary germ cell layers. Externally, it is formed by the ectoderm, and internally, by the endoderm and ends at the caudal end of the cloacal membrane (the posterior intestinal region covered by endoderm). In our E1 findings, we observed the primitive intestine, the forming intestinal loops and the early formation of the posterior intestine, which will form the epithelium of the bladder, most of the urethra and other urinary system structures. In the foetus, we observed intestinal loops arranged in tubular sections.
The ruminant stomach is composed of three compartments covered with stratified squamous epithelium (rumen, reticulum, and omasum) and a glandular compartment (abomasum), according to Balch (1959) . The early development of the ruminant stomach is the same of simple stomachs. The rumen develops as an expansion of the fundus, and a caudal-ventral pocket in the developing rumen forms the reticulum. In our study, we were able to identify a liver bud in E1. During liver development, the hepatic cords begin to differentiate in the parenchyma, and the bile duct coverings are formed. In our results, we found that the liver was present since the beginning stages of embryonic development due to its important functions during organogenesis. The liver consists of unorganised hepatoblasts surrounded by numerous blood vessels (ABREU et al., 2011) . In the foetal stage we found hepatocytes, which were identified as polyhedral cells with eosinophilic cytoplasm.
Kidney development occurs in three stages: the pronephros, mesonephros, and metanephros. Out of these stages, the first two are considered to be primitive kidneys, and the last is considered to be the definitive kidney. The pronephros, which is located nearest to the cephalic region of the embryo, was not visible in the studied animals. This phase is likely visible in less developed embryos.
Studies on embryonic development in sheep are highly relevant, as these animals are used as models in several fields. In addition, as the production of these animals has a great socioeconomic impact, research in this area may contribute to better reproductive yield and, consequently, increased production.
